In order to investigate the flow characteristics and separation performance of oil-gas two-phase flow of dynamic pressure type lubricant-air separator, the influence of the structure form, temperature and inlet oil-gas ratio on the separation performance was studied based on the population balance model (PBM). The results show that, the combination of the built-in air outlet pipe and the tangential oil outlet pipe can improve the separation performance of the separator; when the oil flow rate is 6L/min and the temperature range is 100-250°C, the separation performance of the separator is improved with the increase of temperature; when the gas flow rate is 6L/min, the increase of the oil-gas ratio will cause the swirl intensity in the separator to be strengthened, and the separation performance of the separator will be improved.
Introduction
As the process of lubrication, oil will be mixed with air to form an emulsion, the specific heat and thermal conductivity of the two-phase mixture decrease, this will reduce the performance of heat exchanger, increase the flow resistance, deteriorate the cooling and lubrication conditions of the surface. Because of the simple structure, the dynamic pressure type lubricant-air separator is often used as the only main separator in some missile engine, the separation efficiency will directly affect the performance of the engine.
There are few studies on dynamic pressure type lubricant-air separators in the field of aviation, the separation device with the same working principle is mainly used in the field of petroleum industry, called cyclone or axial flow separator [1] . The experimental method, numerical simulation and theoretical method are used to research the separator [2] [3] [4] [5] [6] [7] [8] [9] [10] .
In order to study the gas-liquid two-phase flow characteristics and separation performance of dynamic pressure type lubricant-air separator (hereinafter referred to as separator), and consider the effect of breakup and coalescence behavior caused by collision between bubbles on the separation performance, the method of coupling PBM and CFD two-fluid model is used in this paper. First, the accuracy of the method is verified by comparing with the experimental results, and then the influence of different factors on the separation performance is studied.
Model Verification and Numerical Simulation

Geometric Model and Mesh
In this paper, the effects of 4 different structures on the separation performance are studied. The geometric model is shown in Figure 1 . The structural parameters of the 4 kinds of separators are shown in Table 1 . The schematic diagram of the structure is shown in Figure 2 (a). Take the section Y1, Y2, the distance of each section from the top of the cylinder as shown in Figure 2 Figure 2 . The separator structure. 
Algorithm Verification
In order to evaluate the accuracy of the results obtained from the PBM model in the unsteady state, the numerical calculation and experiment are carried out with the same separator, D. Under the same conditions, the calculated results are compared with the experimental results, as shown in Figure 3 . It can be seen that the experimental value of each flow is lower than the calculated value. This paper argues that, during the experiment, there is a large amount of gas in the oil pipe, the sample is a mixture of oil. The experimental results represent the void fraction in the oil, but the calculation results represent the gas volume of the whole section, so the experimental value is less than the calculated value. It can be seen that the numerical calculation is consistent with the experimental results of the variation trend of void fraction. It can be concluded that the coupling of PBM and the two-fluid model can be used to study the separation performance of the separator.
Numerical Results and Analysis
Effect of Structure on Separation Performance
This paper simulated four kinds of separators. The range of inlet flow rate is 5.0-7.0L/min, the effects of structures on void fraction of outlet pipe are shown in Figure 4 . It can be seen that the oil outlet void fraction of structure A (C) is higher than that of B (D), which illustrates that the built in air outlet pipe can improve the separation performance of separator. The oil outlet void fraction of structure A (B) is higher than that of C (D), which illustrates that the tangential oil outlet pipe can improve the separation performance of separator. Meanwhile, the oil outlet void fraction of structure D is significantly lower than that of the other three, and the change of oil outlet void fraction is smaller in the range of working conditions, which illustrates the separator with D structure can improve the separation performance of the separator to a great extent and it can work stably in a certain working condition.
In order to study the influence of the structure on the flow field in the separator, the gas distributions of the separator with different structures when the inlet flow is 6L/min are given, as shown in Figure 5 . As can be seen from Figure 5 , under the same conditions, the gas distribution in different separators is very different. The gas in the A separator occupies most of the interior space, and the volume of the gas inside the B separator has a large reduction, which illustrates that the built in air outlet pipe can effectively reduce the internal gas volume. The results of C and D structure are the same. The B and D structure separators are compared and found that the B separator has a long narrow gas core, the tail of the gas core is close to the oil outlet of the separator. It is obvious that the length of B gas core can be reduced greatly after the oil outlet pipe is changed into tangential form, only part of the gas is concentrated in the top of the separator and near the gas outlet pipe, indicating that the tangential oil outlet can effectively discharge gas. The results of A and C structure are the same. Figure 6 shows the axial velocity distribution of different sections of the four separators. In the case of Figure 6 (a), the velocity of each point on the Y1 section of the A separator is greater than that of B, and the results of C and D structure are the same. It is analyzed that the different forms of the air outlet pipe will cause different internal flow resistance. Structure A(C) uses the external air outlet pipe, while structure B(D) uses the internal, indicating that the built in air outlet pipe will increase the resistance, resulting in the decrease of internal axial velocity. Comparing A(B) with C(D), the axial velocity of C(D) decreases, which indicates that the tangential oil outlet pipe will increase the flow resistance and decrease the axial velocity. The same law can also be found in Figure 6 Figure 7 is the tangential velocity distribution curve of different sections of four kinds of separators. It can be seen that the difference of tangential velocity between four kinds of separators is small, which indicates the influence of the outlet structure on the tangential velocity is not obvious. The reason may be that the fluid rotates in the separator, and the tangential velocity is mainly affected by the inlet velocity and the wall friction coefficient of separator.
Based on the above analysis, changing the structure of the separator will change the flow resistance of the separator, thereby affecting the separation performance of the separator. The combination of the built in air outlet pipe and the tangential oil outlet pipe can greatly improve the separation performance of the separator. The following studies are based on the D structure separator.
Effect of Temperature on Separation Performance
The change of the viscosity of the oil will affect the resistance of the oil in the separator, which will affect the flow field distribution of the separator and then affect the separation performance of the separator. Because the working temperature of the dynamic pressure type lubricant-air separator is about 200℃, 4 temperature points are selected for numerical simulation in this paper. Figure 8 shows the curve of the void fraction of the separator with oil temperature when the oil inlet flow rate is 6L/min. It can be seen that with the increase of oil temperature, oil outlet void fraction gradually decreased; when the temperature rises to 250°C, the void fraction is the lowest. At the same time, when the temperature rises to 200°C, continuing to increase the oil temperature, the change rate of oil outlet void fraction is small, indicating that increasing oil temperature can not always keep the oil outlet void fraction to maintain a substantial decline. Figure 9 shows the axial velocity distribution of different cross-sections at different temperatures. It can be seen that the distribution law of axial velocity is similar at different temperatures. The speed is upward in the central region and downward near the wall. When T=100°C, the velocity values at each point of the curve are smaller than other curves. This is because when the temperature is lower, the viscosity of the lubricating oil is higher, so the resistance of the fluid is larger, and the axial velocity is smaller. With the increase of temperature, the flow resistance decreases and the axial velocity increases gradually. When the temperature increases to 250°C, the velocity values at each point of the curve are greater than those at other temperatures. Figure 10 shows the tangential velocity distribution of each section at different temperatures. It can be seen that the change of tangential velocity curve at each temperature is similar. The temperature has little influence on the tangential velocity near the center of the separator. The tangential velocity reaches peak value near the wall. The peak value of tangential velocity reached the maximum at 250°C, minimum at 100°C. It can be concluded that when the temperature increases, the viscosity of the lubricating oil decreases, and the flow resistance of the separator decreases, thus causing the tangential velocity near the wall of the separator to become larger. Based on the above analysis, the change of temperature makes the oil viscosity change, and the flow resistance changes, thus affecting the separation performance of the separator. In the range of temperature variation discussed in this paper, the higher the temperature, the better the separation performance.
Influence of Inlet Oil-gas Ratio on Separation Performance
In order to study the influence of the oil-gas ratio on the separation performance of separator, 4 numerical simulation models are selected. The gas flow rate remains unchanged and only the oil flow rate is changed. The oil-gas ratio, a, is separately 0.5,1,2,3. Figure 11 shows the curve of void fraction with the oil-gas ratio at the oil outlet of the separator. It can be seen that with the increase of the oil-gas ratio, void fraction at oil outlet decreased gradually. When the oil-gas ratio is 0.5, void fraction at oil outlet is higher. With the increase of the oil-gas ratio, void fraction at oil outlet gradually decreases. At the same time, it can be seen that the variation range of void fraction at oil outlet decreases, which is due to the limited volume of the separator and the increase of the oil-gas ratio can not keep the void fraction greatly reduced. Figure 11 . The influence of the void fraction on oil outlet containing gas rate. Figure 12 shows the axial velocity distribution of the cross section at different oil-gas ratios. It can be seen that although the oil-gas ratio is different, the axial velocity distribution of the same section is similar. The velocity of the center position varies little, which shows that the oil-gas ratio has little influence on the movement of the fluid in the center of the separator. Near the wall of the separator, the velocity varies greatly under different conditions. With the increase of the oil-gas ratio, the axial velocity increases gradually. Figure 13 shows the tangential velocity distribution of different sections of the separator under different oil-gas ratios. It can be seen that although the oil-gas ratio is different, the distribution law of tangential velocity of the same section is similar. With the increase of radius, the tangential velocity increases gradually. At the same time, the greater the oil-gas ratio, the greater the tangential velocity. It is analyzed that when the gas flow rate is constant and the oil flow rate is changed, the velocity of flow at the inlet is changed, so that the swirl intensity changes and the tangential velocity value changes. Based on the above analysis, when the gas flow rate is certain, increasing the oil flow rate can improve the separation performance of the separator. But because of the restriction of the size of the separator structure, it can only be adjusted effectively in a range.
Conclusion
Through this study, the following conclusions are obtained:
(1)The numerical simulation of the separator with different structure is carried out. It is found that the combination of the built in air outlet pipe and the tangential oil outlet pipe can improve the separation performance of the separator.
(2)When the oil flow rate is 6L/min and the temperature range is 100-250°C, the flow resistance decreases gradually with the increase of temperature, and the separation performance is improved.
(3)When the gas flow rate is 6L/min, the increase of the oil-gas ratio will increase the tangential velocity of the separator, the swirl intensity is enhanced, and the separation performance of the separator is improved.
